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Abstract 
This article is about the features and advantages of non-motorized estimates of the unit charge parameters (especially 
compressor) of a combined piston engine (engine). The scheme research facility equipped with measuring and control means to 
identify the numerical parametric values of the gas-dynamic flow moving along the flow of the supercharging compressor, with 
calculations made for different loading conditions of the power plant. Herein is also provided a brief description of the software-
based collaborative modular system published and the PC. We present the results of non-motorized and systematized research on 
supercharging compressor different embodiment of the flow parts. 
© 2015 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
One of the most important tasks of the present piston engine design (eg, diesel) is an increase in specific weight 
and size and economic indicators. At the present time combined power plants (based on diesel engines), ensuring the 
implementation of the mean effective cycle pressure pe of 2.5 ... 3.0 MPa or more are created. And the use of 
machinery with pe of 1.5 ... 2.5 MPa may be considered as already solved problem (see. Eg [1]). 
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Implementation of such values of mean effective pressure cycle in aspirated engines is practically impossible: 
even pe levels, equal to approximately 0.8 MPa, in naturally aspirated engines (with reference to the conditions of 
use of air as an oxidant) can not be ensured due to the impossibility of oxidant to be supplied in combustion chamber 
in amount sufficient for combustion. This objective (ensuring supply to the combustion chamber of the machine 
required amount of oxidant) is solved using the pre-compaction (compression) in the supercharging compressor 
device. Here, in most cases, preference is given to gas-turbine drives of such devices, ie, using of gas-turbine units of 
boost (GTUB) [2]. 
The task of matching and identify the numerical values of parameters of a combined power plant (ICPE - GTUB) 
is solved at the stage of pre-project, project, and after that, and during the pre-testing and debugging machines. At 
each of these stages, a lot of attention is paid to the identification of the individual characteristics of ICPE, GTUB 
and, in particular, an important component of these units - compressor supercharging. 
In the experimental evaluation of the numerical values of the parameters of the charge unit (charge compressor) it 
is important to ensure conditions of his work (the numerical values of parameters such as mass flow rate, the 
temperature and the pressure, flow pattern) closer to the terms of use ICPE, for installation on which the unit is 
planned. The importance of this fact is confirmed by the fact that the beginning of the massive use of composite 
piston power plants (supercharged diesel engines), evaluation parameters and test GTUB (including compressors) 
are engaged in leading national organizations and researchers [3,4,5]. 
 
Nomenclature 
Į temperature coefficient of thermal resistance conversion, SCI. GOST 6651 
ʌc* total pressure ratio 
Șc* total-to-total efficiency of compressor 
ɪɫ* total pressure at the outlet of the compressor 
Ɍɫ* total temperature at the outlet of the compressor 
ɪɨ* total pressure at the inlet of the compressor 
Ɍɨ* total temperature at the inlet of the compressor 
Nc required to drive the compressor capacity 
Gɫ  mass flow rate of air through the compressor 
ɫɪ  mass specific heat of the air 
Gcor corrected mass flow rate of air through the compressor 
ncor corrected rotation speed of compressor wheel 
corG  depending on the relative corrected air mass flow 
2. The circuit test rig and its features 
Figure 1 shows a schematic layout of the charge compressor and turbine (as a source of energy for its drive) with 
appropriate devices for controlling the parameters of their work in the non-motorized research facility. Non-
motorized installation is a device, which analyzed the boost unit (compressor) is represented as a separate object: it 
does not have the mechanical and gas connections with a piston machine (ICPE as an object of study is excluded 
from the scheme). 
Moreover it is possible to play with the place of real gas dynamic relations corresponding to the specific 
combination GTUB-ICPE settings are saved. Parameters state working bodies of the turbine (as a source of 
mechanical energy), compressor (as a consumer of energy) recorded respective sensors, range and location of which 
is indicated in the diagram. 
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Fig.1. Schematic diagram of the experimental setup for the study of non-motorized units Charge: RT-resistance thermometer; T – 
thermoelectric converter; PT - pressure transducer; M - pressure gauge;  - Selection of static pressure; n - the wheel speed sensor of the 
compressor. 
 
To measure the temperature of the working fluid at the compressor inlet is provided the use of resistance 
thermometers (sensor - copper) with a grading 50M (Į = 0.00428 oC-1) and at the outlet of the compressor - 
resistance thermometers (sensor - platinum) with a grading 100P (Į =0.00391 oC-1) or Pt100 (Į = 0.00385 oC-1). For 
the care of specialized connections, (4-wire or 3-wire) resistance thermometers to measure the secondary means (SI) 
used in the temperature normalizing converters (NTP-2.xx) 4 ... 20 mA. To determine the parameters of the gas, the 
temperature can reach 900 °C, it used a chromel-alumel thermocouple, also in conjunction with the temperature 
transducer. All temperature measurement specifically dissected with the recommendations contained in the special 
literature [4]. 
An important property of (and an essential requirement), the charge imposed on modern units are requirements 
governing their weight and dimensions [3]. This fact in the design of such units makes it necessary to use a 
relatively small sizes of the flow parts, which makes it difficult to complete the control parameters (braking 
parameters, in particular temperature and pressure) of gas streams flowing through the blower (compressor). This 
requires the use of special (a special kind of) the measuring instruments. The use of special measuring tips for 
determining the parameters of the braking flows in such cases, is inevitably linked to the changing nature of the 
motion of gas flows and changing conditions of the units and their parameters. In this connection (to avoid 
interference of the title) in the measuring circuit unit is provided with control static pressure gas streams, and 
characterizing the flow through the blower. 
In determining, the static pressure as the primary measuring means (MM) used converters: AP (absolute 
pressure), GP (gauge pressure), DP (differential pressure). The output signal MM of temperatures and pressures 
under standardized 4 ... 20 mA, which greatly simplifies the selection of the secondary measuring means. 
Total parameters are provided to be calculated on the basis of the results of measurements of mass flow rates of 
air flowing through the turbine and the compressor, on the results of control of static parameters and  on using gas-
dynamic functions of pressure and flow (appropriate algorithmic tools are developed and included in the software of 
processing of results of observations [6]). 
In particular, total pressure ratio and total-to-total efficiency of compressor are defined by  the formulas: 
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where ɪɫ*, Ɍɫ* - total pressure and total temperature at the outlet of the compressor; ɪɨ*, Ɍɨ* - total pressure and 
total temperature at the inlet of the compressor (often, when the speed of flow in the inlet device is slow, called 
parameters can be taken equal to the atmospheric). 
 
Required to drive the compressor capacity is determined by the expression: 
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where Gɫ – the mass flow rate of air through the compressor, kg/s; ɫɪ – mass specific heat of the air, kJ/kg·K. 
 
The control scheme of parameters (Fig.1) to determine the rotation speed of the compressor wheel, which may be 
in the range from 0 to 240000 min-1 (0 ... 4000 Hz), is provided by the use of proximity sensors are inductive type. 
This sensor is made in the form of a coil with a side of the magnetic core. It (the sensor) is installed in the housing 
compressor above the nut attaching the wheel to the shaft. When passing under the magnetic core faces of the nut 
duct, the sensor changes, the sensor's coil is induced electromotive force. A corresponding signal is transmitted to a 
registering apparatus. 
As a secondary means of measurement modular collection station data LTR-EU-8-1 of company L-CARD is 
selected [7]. An important quality of this station is that its design allows configuration of measurement system by 
universal and specialized modules of LTR-series: analog to digital converters (ADC), digital analog converters 
(DAC) converters and discrete I/O signal. The station can be connected to the computer (PC) through a unified 
interface Fast Ethernet or USB. 
The General scheme of primary measuring tools used for non-motorized installation with data acquisition system 




Fig.2. Schematic diagram of the connection used for installing sensors with a recording system and a computer: LTR 43 – module output of 
discrete signals; LTR 22, LTR 27 – input module of analog signals; LTR 51 – input module of digital signals. 
 
To ensure joint work of computers (PCs) with modular data collection system LTR, as already mentioned, the 
specialized software is developed [6]. Software is written in Delphi and runs on the operating system Windows XP 
SP3 and above. During testing, the software automatically calculates the main parameters of compressor (and 
turbine, as an energy source for driving the compressor), the processing results are given to the computer display. It 
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should also be noted that the scheme of installation can be used for the purposes of non-motorized tests of a turbine 
of turbochargers. In this case, the compressor can function as a load device. 
3. Non-motorized tests of compressor with different types of vaned diffusers 
Investigations of compressors with different design schemes of vaned diffusers are provided on created non-
motorized installation. In particular, two-row and two-cascade vaned diffusers are investigated [8-13]. Diagram of 
compressor stage with such diffusers is shown in figure 3. 
 
 
Fig.3. schematic Diagram of turbocharger compressor stage with different variants of vaned diffuser: 
variant 1: compressor stage with two-row vaned diffuser; variant 2: compressor stage with two-cascade vaned diffuser. 
 
Figure 4 illustrates the results of these research. They are represented in the functions of corrected mass flow rate 
Gcor through compressor and corrected rotation speed ncor of compressor wheel. Corrected parameters were defined 
with account of requirements of the Russian standard [3] that provided by the appropriate software [6] for 
registration and monitoring of parameters. 
 
 
Fig.4. Parameters of the compressor, depending on the relative corrected air mass flow corG *1: (a) General characteristics of the compressor with 
two-row and two-cascade vane diffuser; (b) Total temperature Ɍc* 
and total-to-total compressor efficiency Șc* 
related to different corrected 
rotation speeds ncor of compressor wheel; 
 compressor stage with two-row vaned diffuser; 
 compressor stage with two-cascade vaned diffuser; 
Note: *1 – the counting measure of the relative mass flow of compressor is the maximum mass flow corresponding to the rotation speed ncor = 
60000 min-1. 
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3. Analysis of the research results 
The analysis of the results gives grounds to conclude that the compressor stage with two-row vaned diffuser 
(variant 1) allows a wider load range compared to a compressor provided with a two-cascade vane diffuser (variant 
2). In particular, to such a compressor, the area of stable (free from surge effects) modes of operation is within the 
limits defined by the relative values of corrected air flow corG , numerically equal to 0.35 ... 0.72 (for ncor = 45 000 
min-1) to 0.78 ... 1.0 (ncor = 65 000 min-1). In the compressor stage with two-cascade vaned diffuser stable operation 
area is more narrow. It is determined by the values corG  § 0.45 ... 0.68 (ncor = 45 000 min-1) up to corG  § 0.72 … 1.0 
(ncor = 65 000 min-1) (Fig. 4a). In this compressor stage surge line  is under a significantly larger inclination angle to 
x-axis than in the case where the compressor is provided with two-row vaned diffuser.  
It is important to note the fact that in both cases (two-row and two-cascade vaned diffuser), compressor stage 
ensure high total pressure ratios ʌc. The value of this parameter is at the level of 4.2 … 4.5 (see fig. 4a). Thus, the 
efficiency of the compressor reaches values of 0.80 ... to 0.82, see Fig. 4b. 
Thus, the analysis of the results of non-motorized tests of compressor stages, equipped with two-row or two-
cascade diffusers, allows us to conclude that both compressors are of good parameters (by numerical values of  ʌc*, 
Șc*, Ɍc*, corG ). 
Conclusions 
Preference to any of them is determined by the intended use of propulsion of specific destination.  In the case 
where internal combustion engine is planned to be used on the transport unit, we choose a compressor stage 
equipped with two-row vaned diffuser. With regard to less loaded in dynamic relation machines (stationary units), 
compressor with two-cascade vaned diffuser may be preferred. 
But in these two named cases should be taken into account heat characteristics of the internal combustion engine 
as a source of working fluid (turbine) and the consumer of compressed air. 
References 
[1] B.A. Sharoglazov, V.V. Shishkov, V.V. Klement'ev, S.I. Kav'yarov, [Our vision of the main ways to improve the internal combustion engine] 
Aktualnye problemy teorii i praktiki sovremennogo dvigatelestroeniya: Trudy Mezhdunarodnoy nauchno-tekhnicheskoy konferentsii. (2006) 
84–90. (in Russ.) 
[2] O. Varnier, Trends and limits of two-stage boosting systems for automotive diesel engines, Universidad politecnica de Valencia, 2012. 
[3] GOST R 53637-2009. State Standart Russia 53637-2009. Automotive turbochargers. General technical requirements and test methods, 
Standartinform, Moscow, 2010. 
[4] D.A. Portnov, S.M. Metallikov, Metodika polucheniya kharakteristik turbokompressora. Issledovanie gazoturbinnykh dvigateley i ikh 
elementov, [Technique for characterizing the turbocharger. Investigation of gas turbine engines and their components: Proceedings number 
9], 1960. 
[5] A.B. Azbel', N.I. Verba, M.Ya. Rabinovich, K metodike ispytaniy turbokompressorov traktornykh i kombaynovykh dizeley [To test 
procedure turbochargers tractor and combine diesels.], Traktory i sel'khozmashiny Publ. 9 (1981) 125. 
[6] O.G. Mashkov, A.A. Zholobov, RF Patent 2014618825. (2014) 
[7] Kreytovaya sistema LTR - sistema sbora dannykh i upravleniya, L-Card Razrabotka i proizvodstvo elektronnoy apparatury [System LTR - 
data acquisition and control, L-Card Design and manufacture of electronic equipment]. Information on: http://195.91.155.90/products/ltr/. 
[8] Turbocharger Test Standwith a Hot Gas Generator for High-Performance Supercharging Systems, MTZ 10I2008. 69  
[9] T. Noguchi, Y. Takata, Y. Yamashita, 220,000-r/min, 2-kW PM Motor Drive for Turbo-charger, Electrical Engineering in Japan. 161(3) 
(2007). 
[10] E.A. Lurie, P.R. Van Slooten, G. Medic, J.M. Mulugeta, B.M. Holley, J. Feng, O. Sharma, Design of a High Efficiency Compact Centrifugal 
Compressor for Rotorcraft Applications, United Technologies Research Center, 2011. 
[11] Pei-Yuan Li, Chu-Wei Gu, Yin Song, A New Optimization Method for Centrifugal Compressors Based on 1D Calculations and Analyses, 
Department of Thermal Engineering, Tsinghua University, Beijing, 2015. 
[12] N. Sitaram, P. M. Banugade, Effect of double row diffusers on performance and flow field of a centrifugal compressor, International Journal 
of Emerging Technology and Advanced Engineering. 3(3) (2013) 9–16. 
[13] L. Zhou, Z. Wang, Z. Liu, Investigation on influence of design parameters for tandem cascades diffuser using DOE method, Engineering 
applications of computational fluid mechanics. 8(2) (2014) 240–251. 
 
